Riboflavin, vitamin B2, serves in its phosphorylated form as the prosthetic group for a number of tissue enzymes important in biological oxidations (1) . The involved substrates include glucose, lactic acid, the d-amino acids, and other compounds of biological interest (1, 2, 3) . Riboflavin deficiency has been described in man (4) , and it seems possible that further clinical study of this vitamin may reveal alterations in its metabolism which will increase our knowledge of the r6le played by these enzymatic oxidation systems in health and in disease. To aid in interpreting such a study, a convenient method has been sought for following the urinary excretion of riboflavin.
It is known that riboflavin occurs in urine in the form of uroflavin, a pigment almost identical with it in composition,' properties, and vitamin activity (5) , but the methods usually recommended for its determination (5, 6, 7, 8, 9) were not found by the writer to be sufficiently convenient or accurate for routine use. More specific and accurate determinations are possible, and smaller and more convenient volumes of urine (I to 10 cc. instead of 100 to 500 cc.) can be used when the pigment is estimated not by its optical density but by its intense greenish-yellow fluorescence.2 In order to do this, the effect of interfering substances must be avoided. With urines of normal individuals containing 0.5 gamma or more flavin per cc., this is readily accomplished by diluting down the salts and other materials to the point where they no longer affect fluorescence (10) and by destroying the greater part of other pig- 1 The carbon analysis of the purest preparation isolated did not quite agree with that for riboflavin (Koschara (5)). 2 Pfaltz & Bauer, New York City. Model A is a suitable fluorometer provided with an additional cell for the measurement of optical density. ments and fluorescent materials in a brief permanganate toxidation (5) . With urines of certain patients containing less than 0.5 gamma per cc., some preliminary concentration of the uroflavin is necessary, and can be much more conveniently and effectively carried out by using an adsorption column than by adding large quantities of adsorbing agent directly to urine (11, 12) . In measuring the fluorescence of the column eluates or the diluted urine samples, the usual ultra violet radiation is not satisfactory since it excites the fluorescence of too many substances. Measurements of flavin fluorescence are much more specific and much more accurate when carried out with an exciting beam of visual wavelength, Mercury line at 4358A°, and when the fluorometric photoelectric cell is protected by a yellow filter.3 With such an arrangement, the relationship between fluorescence and riboflavin concentration is linear for column eluates and diluted urine samples (Figures 1 and 2) , particularly when the effect of any occasional alteration in optical density is corrected by means of the empirical curve illustrated in Figure 3 the fluorescence of flavin in these pyridine solutions is not very stable, they should be protected from light and in taking readings a constant routine should be adopted.
The fluorescence and transmission of the eluates are measured and the uroflavin concentration in gammas per cc. urine is calculated.
Fluorescence of unknown" -6 < 0. by the addition of a few particles of sodium hydrosulfite (5) . When more than 2 or 3 cc. of urine are used in the dilutions, considerable permanganate, 5 to 10 drops, may be needed for its oxidation and, with highly pigmented urines of low flavin content, this direct method is probably not very accurate (urine M table III). Whether it will prove to be sufficient for routine clinical use is not at present known. The agreement between these direct measurements and the values obtained by the floridin column method, Table III , is evidence for the completeness of the column procedure and indicates the combined effectiveness of the instrument's filter system and the permanganate oxidation in preventing other urinary substances from interfering with the determination of uroflavin fluorescence.
As thus far discussed, the uroflavin method has relied for its specificity upon the assumption that no material in urine other than uroflavin is capable of floridin earth adsorption, of elution by aqueous solutions of pyridine and acetic acid, resistance to permanganate oxidation in acid solution, and greenish-yellow fluorescence when illuminated by blue light. The method may be checked by determining uroflavin in the form of lumi-uroflavin (5) . As in the case of riboflavin (13, 14) , this chloroform-soluble pigment with intense green fluorescence can be formed from uroflavin by photolysis of strongly alkaline solutions in the cold. Unfortunately, the procedure is at present of little practical use because of the difficulty experienced in obtaining quantitatively consistent conversions and the resulting necessity of control determinations (15, 16) . III. Method for determining uroflavin as lumiuroflavin A preliminary alkalinization of 5 cc. of urine is carried out in the dark and followed by acidification and extraction with chloroform so that the final chloroform extracts will contain only materials that have been rendered chloroform-soluble by exposure to light. The extracted urine is brought into the light, made up to half normal with concentrated sodium hydroxide, and exposed in an ice bath to a 150 Watt lamp for 1% to 2 hours.. The pH is then brought to 3 with strong acid and the lumiflavin is extracted from an aliquot of the urine by shaking with 20 cc. of chloroform. Control and recovery tubes are treated in a similar manner.
No data could be found in the literature relating the gram molecular fluorescence of riboflavin in water and the gram molecular fluorescence of lumiflavin in chloroform. This relationship was calculated by measuring the concentrations of the 2 pigments with a Koenig-Martens spectrophotometer at 4700A° (17) , and comparing their fluorescence in the Pfaltz-Bauer fluorometer. For equal molecular numbers, lumiflavin in chloroform was found to have a fluorescence 2.25 times as great as that of riboflavin in water. It should be noted that this relationship may apply only to measurements made by using the filter system described with this fluorometer. Calculating from this factor of 2.25 and the results of the control and recovery experiments, Tables II  and III , one finds that the determinations of uroflavin by this method are in reasonable agreement with those of the other two methods.
In determining the 24-hour uroflavin excretion of various patients, some of whom may excrete very little flavin, Table IV , it is preferable to use the adsorption column procedure in general, and to restrict the use of the direct method to normal urines or to urines containing large amounts of flavin such as those obtained during riboflavin tolerance tests. The lumiflavin method with its necessary controls is at present too time-consuming for routine use.
From the experiences of Table IV , it can be concluded that there is a fairly general dependence of uroflavin excretion upon riboflavin intake (18) . This is particularly well illustrated by the patients D, McK, and Fx, and an examination of the actual dietary intakes of the other patients and subjects confirmed this impression; for example, patients G and W, though on regular diets, were both sick and not eating well; patient Kz on a high carbohydrate, high vitamin diet was jaundiced and sick. The normal subjects F and Km excreted considerably more uroflavin when liver or synthetic riboflavin was added to their diets. Normal rats on a riboflavin-deficient diet excreted very little uroflavin at a time when the riboflavin content of their livers had fallen to 40 per cent of normal. When placed on a complete diet their uroflavin excretion increased ten-fold. No observations were made of the bearing which phosphorylation (19, 20) may have upon riboflavin utilization and uroflavin excretion, but some evaluation of this factor and that of intestinal adsorption is being attempted by means of flavin tolerance studies now in progress.
SUMMARY
The importance of studying the metabolism of riboflavin has been pointed out.
Fluorometric methods for estimating the urinary excretion of riboflavin have been described.
Studies have been presented to show that these methods are convenient and accurate enough for clinical use.
The relationship of riboflavin intake to uroflavin excretion has been discussed. 
